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GATE-DRIVER CIRCUIT

A planar transformer includes: a first primary coil in a first layer of a printed circuit board (PCB); a first secondary
coil in one or more second layers in the PCB; and a second secondary coil in the one or more second layers.
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Description
TECHNICAL FIELD

[0001] Various embodiments of the present disclosure
relate generally to systems and methods for multiple-out-
put isolated power supplies for gate-driver circuits and,
more particularly, to systems and methods for multiple-
outputisolated power supplies using planar transformers
including one or more primary coils and two or more sec-
ondary coils.

BACKGROUND

[0002] On-board chargers, inverters, or DC-DC con-
verters may include many semiconductor switches. Each
semiconductor switch may require an isolated power
supply to drive an associated gate driver circuit. Power
conversion for the isolated power supplies may occur
through use of transformers to transfer power from a pow-
er source to a load. Multiple isolated power supplies of
gate driver circuits may require significant space in a pow-
er architecture.

[0003] The present disclosure is directed to overcom-
ing one or more of these above-referenced challenges.

SUMMARY OF THE DISCLOSURE

[0004] In some aspects, the techniques described
herein relate to a planar transformer, including: a first
primary coil in a firstlayer of a printed circuit board (PCB);
a first secondary coil in one or more second layers in the
PCB; and a second secondary coil in the one or more
second layers.

[0005] In some aspects, the techniques described
herein relate to a planar transformer, further including:
one or more ferrite materials, the one or more ferrite ma-
terials providing a shield for electromagnetic interference
for the planar transformer.

[0006] In some aspects, the techniques described
herein relate to a planar transformer, further including:
an electromagnetic shielding coil in or on the first layer
or in or on the one or more second layers.

[0007] In some aspects, the techniques described
herein relate to a planar transformer, wherein: the elec-
tromagnetic shielding coil surrounds the first primary coil
in the first layer; and an outer perimeter of the electro-
magnetic shielding coil is larger than an outer perimeter
of the first secondary coil with an outer perimeter of the
second secondary coil.

[0008] In some aspects, the techniques described
herein relate to a planar transformer, wherein the first
primary coil, the first secondary coil, and the second sec-
ondary coil include flat windings.

[0009] In some aspects, the techniques described
herein relate to a planar transformer, wherein an outer
perimeter of the first primary coil is larger than an outer
perimeter of the first secondary coil and an outer perim-
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eter of the second secondary coil.

[0010] In some aspects, the techniques described
herein relate to a planar transformer, further including: a
second primary coil in the first layer.

[0011] In some aspects, the techniques described
herein relate to a planar transformer, wherein the first
secondary coil is on a first side of the first primary coil
and the second secondary coil is on a second side of the
first primary coil, the second side being opposite to the
first side, wherein the first primary coil, the first secondary
coil, and the second secondary coil are arranged in a
sandwiched coil arrangement.

[0012] In some aspects, the techniques described
herein relate to a planar transformer, wherein the first
secondary coil and the second secondary coil are on a
same side of the first primary coil.

[0013] In some aspects, the techniques described
herein relate to a planar transformer, wherein an outer
perimeter of the first primary coil is equal to an outer
perimeter of the first secondary coil, and the outer perim-
eter of the first secondary coil is equal to an outer perim-
eter of the second secondary coil.

[0014] In some aspects, the techniques described
herein relate to a system, including: a gate driver con-
nectable to a DC voltage source; two or more power mod-
ules; and a planar transformer, including: a first primary
coil connected to the gate driver; and two or more sec-
ondary coils connected to the first primary coil and the
two or more power modules.

[0015] In some aspects, the techniques described
herein relate to a system, wherein the first primary coil
is in a first layer of a printed circuit board (PCB), and the
two or more secondary coils include: a first secondary
coil in one or more second layers in the PCB; and a sec-
ond secondary coil in the one or more second layers.
[0016] In some aspects, the techniques described
herein relate to a system, further including: an electro-
magnetic shielding coil in or on the first layer, the elec-
tromagnetic shielding coil surrounding the first primary
coil in the first layer, wherein an outer perimeter of the
electromagnetic shielding coil is larger than an outer pe-
rimeter of the first secondary coil with an outer perimeter
of the second secondary coil.

[0017] In some aspects, the techniques described
herein relate to an inverter including the system.

[0018] In some aspects, the techniques described
herein relate to a vehicle including the inverter.

[0019] In some aspects, the techniques described
herein relate to a system, including: two or more power
modules provided on a first side of a power board; a cold
plate coupled to the two or more power modules; and a
planar transformer provided on a second side of the pow-
er board, the second side being opposite to the first side,
the planar transformer including: a first primary coil in a
first layer of a printed circuit board (PCB); and two or
more secondary coils in one or more second layers in
the PCB.

[0020] In some aspects, the techniques described
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herein relate to a system, wherein the two or more sec-
ondary coils include: a first secondary coil in the one or
more second layers in the PCB; and a second secondary
coil in the one or more second layers, wherein the first
secondary coil is on a first side of the first primary coil
and the second secondary coil is on a second side of the
first primary coil, the second side being opposite to the
first side, and wherein the first primary coil, the first sec-
ondary coil, and the second secondary coil are arranged
in a sandwiched coil arrangement.

[0021] In some aspects, the techniques described
herein relate to a system, wherein the two or more sec-
ondary coils include: a first secondary coil in the one or
more second layers in the PCB; and a second secondary
coil in the one or more second layers, and wherein the
first secondary coil and the second secondary coil are
on a same side of the first primary coil.

[0022] In some aspects, the techniques described
herein relate to a system, further including: a second pri-
mary coil in the first layer, wherein the two or more sec-
ondary coils include: a first secondary coil in the one or
more second layers in the PCB; and a second secondary
coil in the one or more second layers, wherein the first
secondary coil is on one side of the first primary coil, and
wherein the second secondary coil is on one side of the
second primary coil.

[0023] In some aspects, the techniques described
herein relate to a system, further including: an electro-
magnetic shielding coil in or on the first layer, the elec-
tromagnetic shielding coil surrounding the first primary
coil and the second primary coil in the first layer.

[0024] Additional objects and advantages of the dis-
closed embodiments will be set forth in part in the de-
scription that follows, and in part will be apparent from
the description, or may be learned by practice of the dis-
closed embodiments. The objects and advantages of the
disclosed embodiments will be realized and attained by
means of the elements and combinations particularly
pointed out in the appended claims.

[0025] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restric-
tive of the disclosed embodiments, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate various exemplary embodiments and together
with the description, serve to explain the principles of the
disclosed embodiments.

FIG. 1 depicts an exemplary system infrastructure
for a vehicle including a combined inverter and con-
verter, according to one or more embodiments.

FIG. 2 depicts an exemplary system infrastructure
for the combined inverter and converter of FIG. 1,
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according to one or more embodiments.

FIG. 3 depicts an exemplary system infrastructure
for the controller of FIG. 2, according to one or more
embodiments.

FIG. 4 depicts an exemplary power converter system
in accordance with one or more embodiments de-
scribed herein.

FIG. 5 depicts an exemplary power converter system
in accordance with one or more embodiments de-
scribed herein.

FIG. 6 depicts an exemplary power converter system
in accordance with one or more embodiments de-
scribed herein.

FIG. 7 depicts an exemplary planar transformer that
may be implemented in the converter system shown
in FIGS. 4, 5, and 6 in accordance with one or more
embodiments described herein.

FIG. 8 depicts an exemplary planar transformer that
may be implemented in the converter system shown
in FIGS. 4, 5, and 6 in accordance with one or more
embodiments described herein.

FIG. 9 depicts an exemplary planar transformer that
may be implemented in the converter system shown
in FIGS. 4, 5, and 6 in accordance with various em-
bodiments described herein.

FIG. 10 depicts an exemplary planar transformer that
may be implemented in the converter system shown
in FIGS. 4, 5, and 6 in accordance with one or more
embodiments described herein.

FIG. 11 depicts an exemplary planar transformer that
may be implemented in the converter system shown
in FIGS. 4, 5, and 6 in accordance with one or more
embodiments described herein.

FIG. 12 depicts an exemplary planar transformer that
may be implemented in the converter system shown
in FIGS. 4, 5, and 6 in accordance with one or more
embodiments described herein.

FIG. 13 depicts a power converter assembly that
may be implemented in the converter systems
shown in FIGS. FIGS. 4, 5, and 6 in accordance with
one or more embodiments described herein.

FIG. 14 depicts a power converter assembly that
may be implemented in the converter systems
shown in FIGS. 4, 5, and 6 in accordance with one
or more embodiments described herein.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0027] Both the foregoing general description and the
following detailed description are exemplary and explan-
atory only and are not restrictive of the features, as
claimed. As used herein, the terms "comprises," "com-
prising," "has," "having," "includes," "including," or other
variations thereof, are intended to cover a non-exclusive
inclusion such that a process, method, article, or appa-
ratus that comprises a list of elements does not include
only those elements, but may include other elements not
expressly listed or inherent to such a process, method,
article, or apparatus. In this disclosure, unless stated oth-
erwise, relative terms, such as, for example, "about,"
"substantially," and "approximately" are used to indicate
a possible variation of £10% in the stated value. In this
disclosure, unless stated otherwise, any numeric value
may include a possible variation of =10% in the stated
value.

[0028] The terminology used below may be interpreted
inits broadestreasonable manner, even though itis being
used in conjunction with a detailed description of certain
specific examples of the present disclosure. Indeed, cer-
tain terms may even be emphasized below; however,
any terminology intended to be interpreted in any restrict-
ed manner will be overtly and specifically defined as such
in this Detailed Description section. For example, in the
context of the disclosure, the switching devices may be
described as switches or devices, but may refer to any
device for controlling the flow of power in an electrical
circuit. For example, switches may be metal-oxide-sem-
iconductor field-effect transistors (MOSFETSs), bipolar
junction transistors (BJTs), insulated-gate bipolar tran-
sistors (IGBTSs), or relays, for example, or any combina-
tion thereof, but are not limited thereto.

[0029] Various embodiments of the present disclosure
relate generally to systems and methods for multiple-out-
put isolated power supplies for gate-driver circuits and,
more particularly, to systems and methods for multiple-
outputisolated power supplies using planar transformers
including one or more primary coils and two or more sec-
ondary coils.

[0030] The terminology used below may be interpreted
inits broadestreasonable manner, even though itis being
used in conjunction with a detailed description of certain
specific examples of the present disclosure. Indeed, cer-
tain terms may even be emphasized below; however,
any terminology intended to be interpreted in any restrict-
ed manner will be overtly and specifically defined as such
in this Detailed Description section.

[0031] Some gate driver power supplies have either
high cost or high profile. In on-board chargers, inverters,
and DC-DC converters, for example, there may be nu-
merous semiconductor switches, where each semicon-
ductor switch may need an associated isolated power
supply to ensure isolation between switches in high volt-
age applications. Some ferrite-core conventional trans-
formers pose a challenge for automotive applications in
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which space is restricted, especially in height. Some fer-
rite-core transformers have a high profile, such as a
height of approximately 20 mm, for example, which poses
a challenge to deploy in automotive applications. Some
integrated power supplies may have a small footprintand
be low profile, but the cost may be high.

[0032] To address the challenges outlined above, in-
cluding problems existing with high profile ferrite-core
transformers, one or more embodiments described here-
in may include printed circuit board (PCB) winding coils,
which are flat and thin such as less than approximately
2 mm, for example. According to one or more embodi-
ments, one transformer driver may be used to generate
multiple output voltages. According to one or more em-
bodiments, a ferrite core may be omitted to further save
material costs and assembly costs.

[0033] According to one or more embodiments, a sin-
gle transformer driver may be used to generate multiple
outputs, and a single primary winding may be used to
transfer power to multiple secondary windings, further
helping to save space on PCB boards. Depending on the
coil arrangement and the coupling between them, several
circuit topologies may be used for power conversion.
[0034] According to one or more embodiments, a pow-
er converter system may include a planar transformer
with a ferrite core with a single resonant capacitor on the
primary coil, which may include many LLC converters.
According to one or more embodiments, a power con-
verter system may include a planar transformer which
may omit a ferrite core, and resonant capacitors may be
needed on secondary coils. According to one or more
embodiments, a power converter system may include a
planar transformer that may include multiple primary coils
and multiple secondary coils. According to one or more
embodiments a planar transformer may include a sand-
wiched coil arrangement with a ferrite shielding core. Ac-
cording to one or more embodiments, a planar transform-
er may include a sandwiched coil arrangement without
a ferrite shielding core. In the sandwiched coil arrange-
ment, a primary coil may be sandwiched between two
secondary coils. In the sandwiched coil arrangement with
a ferrite shielding core, ferrite may be used to increase
the magnetic coupling and efficiency. In the sandwiched
coil arrangement without a ferrite shielding core, an elec-
tromagnetic shielding coil may be used to limit the fringing
field.

[0035] According to one or more embodiments, a pla-
nar transformer may include a coil arrangement with one
primary coil and two or more secondary coils with a ferrite
shielding core. According to one or more embodiments,
aplanar transformer may include a coil arrangement with
one primary coil and two or more secondary coils without
a ferrite shielding core. In the arrangement with one pri-
mary coil, a single primary coil may be used to transfer
power to two or more secondary coils. In the arrangement
with a ferrite shielding coil, the ferrite shielding coil may
be used toincrease the magnetic coupling and efficiency.
In the arrangement with the electromagnetic shielding
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coil, the electromagnetic shielding coil may be used to
limit the fringing field.

[0036] According to one or more embodiments, a pla-
nar transformer may include a coil arrangement with two
or more primary coils and two or more secondary coils.
In this coil arrangement, a ferrite shielding core may be
used to increase the magnetic coupling and efficiency.
In this coil arrangement, an electromagnetic shielding
coil may be used to limit the fringing field and a ferrite
shielding core may be omitted.

[0037] According to one or more embodiments, an as-
sembly may include a dual-output isolated power supply
which may be provided on one side of a main power
board. In this case, the number of layers on the main
PCB power board may be reduced, which may reduce
costs.

[0038] Using lower-cost and lower profile PCB wind-
ings instead of using higher-cost and higher profile con-
ventional ferrite transformers may reduce cost and space
of power supplies in automotive applications.

[0039] FIG. 1 depicts an exemplary system infrastruc-
ture for a vehicle including a combined inverter and con-
verter, according to one or more embodiments. In the
context of this disclosure, the combined inverter and con-
verter may be referred to as aninverter. As shown in FIG.
1, electric vehicle 100 may include an inverter 110, a
motor 190, and a battery 195. The inverter 110 may in-
clude components to receive electrical power from an
external source and output electrical power to charge
battery 195 of electric vehicle 100. The inverter 110 may
convert DC power from battery 195 in electric vehicle 100
to AC power, to drive motor 190 of the electric vehicle
100, for example, but the embodiments are not limited
thereto. The inverter 110 may be bidirectional, and may
convert DC power to AC power, or convert AC power to
DC power, such as during regenerative braking, for ex-
ample. Inverter 110 may be a three-phase inverter, a
single-phase inverter, or a multi-phase inverter.

[0040] FIG. 2 depicts an exemplary system infrastruc-
ture for the inverter 110 of FIG. 1, according to one or
more embodiments. Electric vehicle 100 may include in-
verter 110, motor 190, and battery 195. Inverter 110 may
include a controller 300 (shown in FIG. 3) to control the
inverter 110. Inverter 110 may include a power supply
120 and a power module 140. Power module 140 may
include phase switches 144. Phase switches 144 may
be connected to motor 190 and battery 195.

[0041] The controller 300 may send signals to and re-
ceive signals from power module 140 and phase switch-
es 144. Phase switches 144 may be connected to motor
190 and battery 195. Phase switches 144 may be used
to transfer energy from motor 190 to battery 195, from
battery 195 to motor 190, from an external source to bat-
tery 195, or from battery 195 to an external source, for
example.

[0042] FIG. 3 depicts an exemplary system infrastruc-
ture for controller 300 of FIG. 2, according to one or more
embodiments. The controller 300 may include one or

10

15

20

25

30

35

40

45

50

55

more controllers.

[0043] The controller 300 may include a set of instruc-
tions that can be executed to cause the controller 300 to
perform any one or more of the methods or computer
based functions disclosed herein. The controller 300 may
operate as a standalone device or may be connected,
e.g., using a network, to other computer systems or pe-
ripheral devices.

[0044] In a networked deployment, the controller 300
may operate in the capacity of a server or as a client in
a server-client user network environment, or as a peer
computer system in a peer-to-peer (or distributed) net-
work environment. The controller 300 can also be imple-
mented as or incorporated into various devices, such as
a personal computer (PC), a tablet PC, a set-top box
(STB), a personal digital assistant (PDA), a mobile de-
vice, a palmtop computer, a laptop computer, a desktop
computer, a communications device, a wireless tele-
phone, aland-line telephone, a control system, a camera,
a scanner, a facsimile machine, a printer, a pager, a per-
sonal trusted device, a web appliance, a network router,
switch or bridge, or any other machine capable of exe-
cuting a set of instructions (sequential or otherwise) that
specify actions to be taken by that machine. In a particular
implementation, the controller 300 can be implemented
using electronic devices that provide voice, video, or data
communication. Further, while the controller 300 is illus-
trated as a single system, the term "system" shall also
be taken to include any collection of systems or sub-sys-
tems that individually or jointly execute a set, or multiple
sets, of instructions to perform one or more computer
functions.

[0045] As shown in FIG. 3, the controller 300 may in-
clude a processor 302, e.g., a central processing unit
(CPU), a graphics processing unit (GPU), or both. The
processor 302 may be a component in a variety of sys-
tems. For example, the processor 302 may be part of a
standard inverter. The processor 302 may be one or more
general processors, digital signal processors, application
specific integrated circuits, field programmable gate ar-
rays, servers, networks, digital circuits, analog circuits,
combinations thereof, or other now known or later devel-
oped devices for analyzing and processing data. The
processor 302 may implement a software program, such
as code generated manually (i.e., programmed).

[0046] The controller 300 may include a memory 304
that can communicate via a bus 308. The memory 304
may be a main memory, a static memory, or a dynamic
memory. The memory 304 may include, but is not limited
to computer readable storage media such as various
types of volatile and non-volatile storage media, including
but not limited to random access memory, read-only
memory, programmable read-only memory, electrically
programmable read-only memory, electrically erasable
read-only memory, flash memory, magnetic tape or disk,
optical media and the like. In one implementation, the
memory 304 includes a cache or random-access mem-
ory for the processor 302. In alternative implementations,
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the memory 304 is separate from the processor 302, such
as a cache memory of a processor, the system memory,
or other memory. The memory 304 may be an external
storage device or database for storing data. Examples
include a hard drive, compact disc ("CD"), digital video
disc ("DVD"), memory card, memory stick, floppy disc,
universal serial bus ("USB") memory device, or any other
device operative to store data. The memory 304 is oper-
able to store instructions executable by the processor
302. The functions, acts or tasks illustrated in the figures
or described herein may be performed by the processor
302 executing the instructions stored in the memory 304.
The functions, acts or tasks are independent of the par-
ticular type of instructions set, storage media, processor
or processing strategy and may be performed by soft-
ware, hardware, integrated circuits, firm-ware, micro-
code and the like, operating alone orin combination. Like-
wise, processing strategies may include multiprocessing,
multitasking, parallel processing and the like.

[0047] Asshown,the controller 300 may furtherinclude
a display 310, such as a liquid crystal display (LCD), an
organic light emitting diode (OLED), a flat panel display,
a solid-state display, a cathode ray tube (CRT), a projec-
tor, a printer or other now known or later developed dis-
play device for outputting determined information. The
display 310 may act as an interface for the user to see
the functioning of the processor 302, or specifically as
an interface with the software stored in the memory 304
or in the drive unit 306.

[0048] Additionally or alternatively, the controller 300
may include an input device 312 configured to allow a
user to interact with any of the components of controller
300. The input device 312 may be a number pad, a key-
board, or a cursor control device, such as a mouse, or a
joystick, touch screen display, remote control, or any oth-
er device operative to interact with the controller 300.
[0049] The controller 300 may also or alternatively in-
clude drive unit 306 implemented as a disk or optical
drive. The drive unit 306 may include a computer-read-
able medium 322 in which one or more sets of instructions
324, e.g. software, can be embedded. Further, the in-
structions 324 may embody one or more of the methods
or logic as described herein. The instructions 324 may
reside completely or partially within the memory 304
and/or within the processor 302 during execution by the
controller 300. The memory 304 and the processor 302
also may include computer-readable media as discussed
above.

[0050] Insome systems, acomputer-readable medium
322 includes instructions 324 or receives and executes
instructions 324 responsive to a propagated signal so
that a device connected to a network 370 can communi-
cate voice, video, audio, images, or any other data over
the network 370. Further, the instructions 324 may be
transmitted or received over the network 370 via a com-
munication port or interface 320, and/or using a bus 308.
The communication port or interface 320 may be a part
of the processor 302 or may be a separate component.
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The communication port or interface 320 may be created
in software or may be a physical connection in hardware.
The communication port or interface 320 may be config-
ured to connect with a network 370, external media, the
display 310, or any other components in controller 300,
or combinations thereof. The connection with the network
370 may be a physical connection, such as a wired Eth-
ernet connection or may be established wirelessly as dis-
cussed below. Likewise, the additional connections with
other components of the controller 300 may be physical
connections or may be established wirelessly. The net-
work 370 may alternatively be directly connected to a
bus 308.

[0051] While the computer-readable medium 322 is
shown to be a single medium, the term "computer-read-
able medium" may include a single medium or multiple
media, such as a centralized or distributed database,
and/or associated caches and servers that store one or
more sets of instructions. The term "computer-readable
medium" may also include any medium that is capable
of storing, encoding, or carrying a set of instructions for
execution by a processor or that cause a computer sys-
tem to perform any one or more of the methods or oper-
ations disclosed herein. The computer-readable medium
322 may be non-transitory, and may be tangible.
[0052] The computer-readable medium 322 can in-
clude a solid-state memory such as a memory card or
other package thathouses one or more non-volatile read-
only memories. The computer-readable medium 322 can
be arandom-access memory or other volatile re-writable
memory. Additionally or alternatively, the computer-read-
able medium 322 can include a magneto-optical or opti-
cal medium, such as a disk or tapes or other storage
device to capture carrier wave signals such as a signal
communicated over a transmission medium. A digital file
attachment to an e-mail or other self-contained informa-
tion archive or set of archives may be considered a dis-
tribution medium that is a tangible storage medium. Ac-
cordingly, the disclosure is considered to include any one
or more of a computer-readable medium or a distribution
medium and other equivalents and successor media, in
which data or instructions may be stored.

[0053] In an alternative implementation, dedicated
hardware implementations, such as application specific
integrated circuits, programmable logic arrays and other
hardware devices, can be constructed to implement one
or more of the methods described herein. Applications
that may include the apparatus and systems of various
implementations can broadly include a variety of elec-
tronic and computer systems. One or more implementa-
tions described herein may implement functions using
two or more specific interconnected hardware modules
or devices with related control and data signals that can
be communicated between and through the modules, or
as portions of an application-specific integrated circuit.
Accordingly, the present system encompasses software,
firmware, and hardware implementations.

[0054] The controller 300 may be connected to a net-
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work 370. The network 370 may define one or more net-
works including wired or wireless networks. The wireless
network may be a cellular telephone network, an 802.11,
802.16, 802.20, or WiMAX network. Further, such net-
works may include a public network, such as the Internet,
a private network, such as an intranet, or combinations
thereof, and may utilize a variety of networking protocols
now available or later developed including, but not limited
to TCP/IP based networking protocols. The network 370
may include wide area networks (WAN), such as the In-
ternet, local area networks (LAN), campus area net-
works, metropolitan area networks, a direct connection
such as through a Universal Serial Bus (USB) port, or
any other networks that may allow for data communica-
tion. The network 370 may be configured to couple one
computing device to another computing device to enable
communication of data between the devices. The net-
work 370 may generally be enabled to employ any form
of machine-readable media for communicating informa-
tion from one device to another. The network 370 may
include communication methods by which information
may travel between computing devices. The network 370
may be divided into sub-networks. The sub-networks
may allow access to all of the other components con-
nected thereto or the sub-networks may restrict access
between the components. The network 370 may be re-
garded as a public or private network connection and
may include, for example, a virtual private network or an
encryption or other security mechanism employed over
the public Internet, or the like.

[0055] In accordance with various implementations of
the present disclosure, the methods described herein
may be implemented by software programs executable
by a computer system. Further, in an exemplary, non-
limited implementation, implementations can include dis-
tributed processing, component or object distributed
processing, and parallel processing. Alternatively, virtual
computer system processing can be constructed to im-
plement one or more of the methods or functionality as
described herein.

[0056] Although the present specification describes
components and functions that may be implemented in
particular implementations with reference to particular
standards and protocols, the disclosure is not limited to
such standards and protocols. For example, standards
for Internet and other packet switched network transmis-
sion (e.g., TCP/IP, UDP/IP, HTML, HTTP) represent ex-
amples of the state of the art. Such standards are peri-
odically superseded by faster or more efficient equiva-
lents having essentially the same functions. Accordingly,
replacement standards and protocols having the same
or similar functions as those disclosed herein are con-
sidered equivalents thereof.

[0057] Itwill be understood that the operations of meth-
ods discussed are performed in one embodiment by an
appropriate processor (or processors) of a processing
(i.e., computer) system executing instructions (compu-
ter-readable code) stored in storage. It will also be un-
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derstood that the disclosure is not limited to any particular
implementation or programming technique and that the
disclosure may be implemented using any appropriate
techniques for implementing the functionality described
herein. The disclosure is not limited to any particular pro-
gramming language or operating system.

[0058] FIG. 4 depicts an exemplary power converter
system 400 ("converter system 400") in accordance with
one or more embodiments described herein. Converter
system 400 may be an implementation of power supply
120, for example. The converter system 400 may include
a gate driver 403, a planar transformer 430, a first diode
set 460, a second diode set 470, a first load 466, and a
second load 476. The first load 466 and the second load
476 may include power modules, for example. The first
load 466 and the second load 476 may also include gate-
source capacitors of semiconductor switches and other
components of the gate driver circuits. The converter sys-
tem 400 is not exhaustively illustrated, and the converter
system 400 may include other components although not
shown. Alternatively, one or more of the components of
the converter system 400 shown in FIG. 4 may be omitted
in some cases.

[0059] The gate driver 403 may be embodied as a sin-
gle gate driver and may be controlled by a controller (e.g.,
controller 300) to send signals to control a first switch
406a and a second switch 406b, which may feed power
to the planar transformer 430. As shown, the first switch
406a and the second switch 406b may be connected to
a DC power supply 401 and receive inputs from the gate
driver 403.

[0060] The first switch 406a and the second switch
406b may be embodied as any suitable type of semicon-
ductor (or other) power switches, such as power bipolar
transistors or power insulated gate bipolar transistors
(IGBTs), among others, depending upon the switching
frequency of converter system 400 and other factors. For
higher speed switching operations according to aspects
of the embodiments described herein, the first switch
406a and the second switch 406b may be embodied as
metal oxide semiconductor field effect transistors (MOS-
FETs), such as silicon carbide (SiC) MOSFETSs. The to-
pology or arrangement of the first switch 406a and the
second switch 406b may be full bridge, semi full bridge,
half bridge, or another topology or arrangement.

[0061] The planar transformer 430 may include a pri-
mary coil 433, a ferrite shielding core 442, a first second-
ary coil 439, and a second secondary coil 445. The pri-
mary coil 433, the first secondary coil 439, and the second
secondary coil 445 may include flat windings implement-
ed on a printed circuit board (PCB), which may save vol-
ume in space restricted applications. The ferrite shielding
core 442 may encapsulate the primary coil 433, the first
secondary coil 439, and the second secondary coil 445,
and provide shielding for electromagnetic interference
for the planar transformer 430. The planar transformer
430 is not exhaustively illustrated and may include other
components although not shown. Alternatively, some
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components may be omitted although shown. For exam-
ple, the planar transformer 430 may include more than
one primary coil and omit the ferrite shielding core 442
depending on the application for use of the planar trans-
former 430.

[0062] The primary coil 433 may be connected to the
first switch 406a and the second switch 406b. The pri-
mary coil 433 may be connected to primary capacitor 415
and a first resistor 436. The first resistor 436 may be
connected to a first capacitor 409 and a second capacitor
412. The first capacitor 409 and the second capacitor
412 may be connected to the DC power supply 401. Dur-
ing operation, the primary coil 433 may be used to trans-
fer power to the first secondary coil 439 and the second
secondary coil 445. Although two secondary coils 439
and 445 are illustrated, the primary coil 433 may be used
to transfer power to more than two secondary windings.
For example, the planar transformer 430 may include
any number of secondary coils corresponding to the
number of outputs needed, depending on the application
for use of the converter system 400.

[0063] Thefirstsecondary coil439andthe second sec-
ondary coil 445 may transfer power to the first load 466
and the second load 476, respectively, through the first
diode set460 and the second diode set470, respectively.
The first diode set 460 and the first load 466 may be
connected to capacitor 463. The first diode set 460 and
the first secondary coil 439 may be connected to a second
resistor 444. The second diode set 470 and the second
load 476 may be connected to capacitor 473. The second
diode set 470 and the second secondary coil 445 may
be connected to a third resistor 448. The resistors and
capacitorsin FIG. 4 may be discrete components, or may
be parasitic components of the circuit.

[0064] FIG. 5 depicts an exemplary power converter
system 500 ("converter system 500") in accordance with
one or more embodiments described herein. Converter
system 500 may be an implementation of power supply
120, for example. The converter system 500 may include
a gate driver 503, a planar transformer 530, a first diode
set 560, a second diode set 570, a first load 566, and a
second load 576. The first load 566 and the second load
576 may include power modules, for example. The con-
verter system 500 is not exhaustively illustrated, and the
converter system 500 may include other components al-
though not shown. Alternatively, one or more of the com-
ponents of the converter system 500 shown in FIG. 5
may be omitted in some cases.

[0065] The gate driver 503 may be embodied as a sin-
gle gate driver and may be controlled by a controller (e.g.,
PWM controller) to send signals to control a first switch
506a and a second switch 506b, which may feed power
to the planar transformer 530. As shown, the first switch
506a and the second switch 506b may be connected to
a DC power supply 501 and receive inputs from the gate
driver 503. The first switch 506a and the second switch
506b may be connected to a first capacitor 509 and a
second capacitor 512, respectively.
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[0066] The first switch 506a and the second switch
506b may be embodied as any suitable type of semicon-
ductor (or other) power switches, such as power bipolar
transistors or power insulated gate bipolar transistors
(IGBTs), among others, depending upon the switching
frequency of converter system 500 and other factors. For
higher speed switching operations according to aspects
of the embodiments described herein, the first switch
506a and the second switch 506b may be embodied as
metal oxide semiconductor field effect transistors (MOS-
FETs), such as silicon carbide (SiC) MOSFETs. The to-
pology or arrangement of the first switch 506a and the
second switch 506b may be full bridge, semi full bridge,
half bridge, or another topology or arrangement.

[0067] The planar transformer 530 may include a pri-
mary coil 533, a first secondary coil 539, and a second
secondary coil 545. The primary coil 533, the first sec-
ondary coil 539, and the second secondary coil 545 may
include flat windings implemented on a printed circuit
board (PCB), which may save volume in space restricted
applications. The planar transformer 530 may omit a fer-
rite shielding core and include an electromagnetic shield-
ing coil, which will be discussed in further detail with re-
spect to the later figures. By omitting the ferrite shielding
core, material cost and assembly cost of the planar trans-
former 530 may be reduced. The planar transformer 530
is not exhaustively illustrated and may include other com-
ponents although not shown. Alternatively, some com-
ponents may be omitted although shown. For example,
the planar transformer 530 may include more than one
primary coil and include a ferrite depending on the appli-
cation for use of the planar transformer 530.

[0068] The primary coil 533 may be connected to the
first switch 506a and the second switch 506b. The pri-
mary coil 533 may be connected to a first primary capac-
itor 521 and afirst resistor 536. The first primary capacitor
521 may be connected to inductor 515 and second pri-
mary capacitor 518. The first resistor 536 may be con-
nected to the second primary capacitor 518, the first ca-
pacitor 509, and the second capacitor 512. During oper-
ation, the primary coil 533 may be used to transfer power
to the first secondary coil 539 and the second secondary
coil 545. Although two secondary coils (first secondary
coil 539 and second secondary coil 545) are illustrated,
the primary coil 533 may be used to transfer power to
more than two secondary windings. For example, the pla-
nar transformer 530 may include any number of second-
ary coils corresponding to the number of outputs needed,
depending on the application for use of the converter
system 500.

[0069] Thefirstsecondary coil 539 and the second sec-
ondary coil 545 may transfer power to the first load 566
and the second load 576, respectively, through the first
diode set560 and the second diode set570, respectively.
The first diode set 560 and the first load 566 may be
connected to a third capacitor 563. The first secondary
coil 539 and the first diode set 560 may be connected to
a first secondary capacitor 555. The first secondary coil
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539 may be connected to a second resistor 544. The
second diode set 570 and the second load 576 may be
connected to a fourth capacitor 573. The second sec-
ondary coil 545 may be connected to a third resistor 548.
The third resistor 548 and the second diode set 570 may
be connected to a second secondary capacitor 551. The
resistors and capacitors in FIG. 5 may be discrete com-
ponents, or may be parasitic components of the circuit.
[0070] FIG. 6 depicts an exemplary power converter
system 600 ("converter system 600") in accordance with
one or more embodiments described herein. Converter
system 600 may be an implementation of power supply
120, for example. The converter system 600 may include
implementation of a gate driver 603, a planar transformer
630, a first diode set 660, a second diode set 670, a first
load 666, and a second load 676. The first load 666 and
the second load 676 may include power modules, for
example. The converter system 600 is not exhaustively
illustrated, and the converter system 600 may include
other components although not shown. Alternatively, one
or more of the components of the converter system 600
shown in FIG. 6 may be omitted in some cases.

[0071] The gate driver 603 may be embodied as a sin-
gle gate driver and may be controlled by a controller (e.g.,
PWM controller) to send signals to control a first switch
606a and a second switch 606b, which may feed power
to the planar transformer 630. As shown, the first switch
606a and the second switch 606b may be connected to
a DC power supply 601 and receive inputs from the gate
driver 603. The first switch 606a and the second switch
606b may be connected to a first capacitor 609 and a
second capacitor 612, respectively.

[0072] The first switch 606a and the second switch
606b may be embodied as any suitable type of semicon-
ductor (or other) power switches, such as power bipolar
transistors or power insulated gate bipolar transistors
(IGBTs), among others, depending upon the switching
frequency of converter system 600 and other factors. For
higher speed switching operations according to aspects
of the embodiments described herein, the first switch
606a and the second switch 606b may be embodied as
metal oxide semiconductor field effect transistors (MOS-
FETSs), such as silicon carbide (SiC) MOSFETSs. The to-
pology or arrangement of the first switch 606a and the
second switch 606b may be full bridge, semi full bridge,
half bridge, or another topology or arrangement.

[0073] The planar transformer 630 may include a first
primary coil 633, a second primary coil 650, a first sec-
ondary coil 639, a second secondary coil 645, and a fer-
rite shielding core 635. The first primary coil 633, the
second primary coil 650, the first secondary coil 639, and
the second secondary coil 645 may include flat windings
implemented on a printed circuitboard (PCB), which may
save volume in space restricted applications. The ferrite
shielding core 635 may encapsulate the first primary coil
633, the second primary coil 650, the first secondary coll
639, and the second secondary coil 645, and provide
shielding for electromagnetic interference for the planar
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transformer 630. The planar transformer 630 is not ex-
haustively illustrated and may include other components
although not shown. Alternatively, some components
may be omitted although shown. For example, the planar
transformer 630 may include less than one primary coil
and omit the ferrite shielding core 635 depending on the
application for use of the planar transformer 630.
[0074] The first primary coil 633 and the second pri-
mary coil 650 may be connected to the first switch 606a
and the second switch 606b. The first primary coil 633
may be connected to a first primary capacitor 615 and a
first resistor 636. The first resistor 636 may be connected
to the first capacitor 609 and the second capacitor 612.
The second primary coil 650 may be connected to a sec-
ond primary capacitor 623 and a second resistor 653.
The second resistor 653 may be connected to the first
capacitor 609, the second capacitor 612, and the first
resistor 636.

[0075] During operation, the first primary coil 633 and
the second primary coil 650 may be used to transfer pow-
er to the first secondary coil 639 and the second second-
ary coil 645, respectively. Although two primary coils 633
and 650 and two secondary coils 639 and 645 are illus-
trated, more than two primary and two secondary coils
may be implemented in the converter system 600. For
example, the planar transformer 630 may include any
number of primary coils and an equal number of second-
ary coils (e.g., three primary and three secondary, four
primary and four secondary, efc.) corresponding to the
number of outputs needed, depending on the application
for use of the converter system 600.

[0076] Thefirstsecondary coil 639 and the second sec-
ondary coil 645 may transfer power to the first load 666
and the second load 676, respectively, through the first
diode set660 and the second diode set670, respectively.
The first diode set 660 and the first load 666 may be
connected to a third capacitor 663. The first secondary
coil 639 and the first diode set 660 may be connected to
a third resistor 644. The second diode set 670 and the
second load 676 may be connected to a fourth capacitor
673. The second secondary coil 645 and the second di-
ode set 670 may be connected to a fourth resistor 648.
The resistors and capacitors in FIG. 6 may be discrete
components, or may be parasitic components of the cir-
cuit.

[0077] FIG.7 depicts an exemplary planar transformer
700 that may be implemented in the converter system
400, the converter system 500, and the converter system
600 in accordance with one or more embodiments de-
scribed herein. The planar transformer 700 may include
many of the same components as the planar transformer
430, the planar transformer 530, and the planar trans-
former 630 and may be interchangeable with the planar
transformer 430, the planar transformer 530, and the pla-
nar transformer 630 for use in the converter system 400,
the converter system 500, and the converter system 600,
according to one or more examples. The planar trans-
former 700 may include a primary coil 433, a first sec-
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ondary coil 439, a second secondary coil 445, and a fer-
rite shielding core 442, which all may be implemented in
one or more layers of a printed circuit board (PCB) 703.
[0078] The primary coil 433 may be in or on a firstlayer
of the PCB 703. The primary coil 433 may be embedded
in a first layer of the PCB 703 with copper traces to con-
nect to other components (e.g., the first switch 406a and
the second switch 406b) of the converter system 400, as
shown in FIG. 4. The first secondary coil 439 and the
second secondary coil 445 may be in or on one or more
second layers of the PCB 703, different from the first
layer. For example, the first secondary coil 439 may be
in or on a second layer of the PCB 703, and the second
secondary coil 445 may be in or on a different second
layer from that of the first secondary coil 439. Similar to
that of the primary coil 433, the first secondary coil 439
and the second secondary coil 445 may be embedded
in one or more second layers of the PCB 703 with copper
traces to connect to other components (e.g., the first di-
ode set 460, the second diode set 470, the first load 466,
and the second load 476, etc.) of the converter system
400, as shown in FIG. 4, according to one or more ex-
amples.

[0079] The ferrite shielding core 442 may be in or on
one or more third layers of the PCB 703. For example,
the ferrite shielding core 442 may be embedded in one
or more third layers of the PCB 703, different from that
of the primary coil 433, the first secondary coil 439, and
the second secondary coil 445. The ferrite shielding core
442 may include ferrite material, which may have high
magnetic permeability with low electrical conductivity, al-
lowing the ferrite shielding core 442 to prevent eddy cur-
rents induced by the primary coil 433, the first secondary
coil 439, and the second secondary coil 445. The ferrite
shielding core 442 may provide a shield for electromag-
netic interference for the planar transformer 700. The fer-
rite shielding core 442 may be in one or more third layers
of the PCB 703 without copper traces and may encap-
sulate the primary coil 433, the first secondary coil 439,
and the second secondary coil 445, as shown in FIG. 7.
[0080] As shown in FIG. 7, an outer perimeter of the
first primary coil 433, an outer perimeter of the first sec-
ondary coil 439, and an outer perimeter of the second
secondary coil 445 may be square-like in shape. The
outer perimeter of the primary coil 433 may be equal to
an outer perimeter of the first secondary coil 439. The
outer perimeter of the primary coil 433 may be equal to
the outer perimeter of the second secondary coil 445.
[0081] Asshownin FIG. 7, the first secondary coil 439
may be on a first side of the first primary coil 433 in a first
second layer of the PCB 703. The second secondary coil
445 may be on a second side of the first primary coil 433
in a different second layer of the PCB 703, where the first
side of the first primary coil 433 may be opposite to the
second side of the first primary coil 433. For example,
the first secondary coil 439 may be stacked on a first side
of the primary coil 433, and the second secondary coil
445 may be stacked on a second side of the primary coil
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433, with the first side being opposite to the second side.
The coil arrangement of the first primary coil 433, the first
secondary coil 439, and the second secondary coil 445
may include a sandwiched coil arrangement as shown
in FIG. 7.

[0082] FIG. 8 depicts an exemplary planar transformer
800 that may be implemented in the converter system
400, the converter system 500, and the converter system
600 in accordance with one or more embodiments de-
scribed herein. The planar transformer 800 may include
many of the same components as the planar transformer
430, the planar transformer 530, and the planar trans-
former 630 and may be interchangeable with the planar
transformer 430, the planar transformer 530, and the pla-
nar transformer 630 for use in the converter system 400,
the converter system 500, and the converter system 600,
according to one or more examples. The planar trans-
former 800 may include a primary coil 533, a first sec-
ondary coil 539, a second secondary coil 545, and an
electromagnetic shielding coil 806, which all may be im-
plemented in one or more layers of a printed circuit board
(PCB) 803.

[0083] The primary coil 533 may be in or on afirst layer
of the PCB 803. The primary coil 533 may be embedded
in a first layer of the PCB 803 with copper traces to con-
nect to other components (e.g., the first switch 506a and
the second switch 506b) of the converter system 500, as
shown in FIG. 5. The first secondary coil 539 and the
second secondary coil 545 may be in or on one or more
second layers of the PCB 803, different from the first
layer. For example, the first secondary coil 539 may be
in or on a second layer of the PCB 803, and the second
secondary coil 545 may be in or on a different second
layer from that of the first secondary coil 539. Similar to
that of the primary coil 533, the first secondary coil 539
and the second secondary coil 545 may be embedded
in one or more second layers of the PCB 803 with copper
traces to connect to other components (e.g., the first di-
ode set 560, the second diode set 570, the first load 566,
and the second load 576, etc.) of the converter system
500, as shown in FIG. 5, according to one or more ex-
amples.

[0084] The electromagnetic shielding coil 806 may be
in or on the first layer of the PCB 803 with the primary
coil 533. However, the electromagnetic shielding coil 806
is not restricted to just the first layer and may be in or on
the one or more second layers of the PCB 803. For ex-
ample, the electromagnetic shielding coil 806 may be
embedded in one or more second layers of the PCB 803,
different from that of the primary coil 533, the first sec-
ondary coil 539, and the second secondary coil 545, de-
pending on the application for use of the planar trans-
former 800. The electromagnetic shielding coil 806 may
include flat windings and may provide a shield for elec-
tromagnetic interference for the planar transformer 800.
[0085] The electromagnetic shielding coil 806 may
have an outer perimeter larger than an outer perimeter
of the primary coil 533, as shown in FIG. 8. The outer
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perimeter of the electromagnetic shielding coil 806 may
be larger than an outer perimeter of the first secondary
coil 539. The outer perimeter of the electromagnetic
shielding coil 806 may be larger than an outer perimeter
of the second secondary coil 545. The outer perimeter
of the electromagnetic shielding coil 806 may surround
the outer perimeter of the primary coil 533. The outer
perimeter of the first primary coil 533 may be equal to
the outer perimeter of the first secondary coil 539. The
outer perimeter of the first primary coil 533 may be equal
to the outer perimeter of the second secondary coil 545.
The outer perimeter of the first primary coil 533, the first
secondary coil 539, and the second secondary coil 545
may be square-like in shape.

[0086] Asshownin FIG. 8, the first secondary coil 539
may be on a first side of the first primary coil 533 in a first
second layer of the PCB 803. The second secondary coll
545 may be on a second side of the first primary coil 533
in a different second layer of the PCB 803, where the first
side of the first primary coil 533 may be opposite to the
second side of the first primary coil 533. For example,
the first secondary coil 539 may be stacked on a first side
of the primary coil 533, and the second secondary coil
545 may be stacked on a second side of the primary coil
533, with the first side being opposite to the second side.
The coil arrangement of the first primary coil 533, the first
secondary coil 539, and the second secondary coil 545
may include a sandwiched coil arrangement as shown
in FIG. 8.

[0087] FIG. 9depicts an exemplary planar transformer
900 that may be implemented in the converter system
400, the converter system 500, and the converter system
600 in accordance with one or more embodiments de-
scribed herein. The planar transformer 900 may include
many of the same components as the planar transformer
430, the planar transformer 530, and the planar trans-
former 630 and may be interchangeable with the planar
transformer 430, the planar transformer 530, and the pla-
nar transformer 630 for use in the converter system 400,
the converter system 500, and the converter system 600,
according to one or more examples. The planar trans-
former 900 may include a primary coil 433, a first sec-
ondary coil 439, a second secondary coil 445, and a fer-
rite shielding core 442, which all may be implemented in
one or more layers of a printed circuit board (PCB) 903.
[0088] The primary coil 433 may be in or on afirstlayer
of the PCB 903. The primary coil 433 may be embedded
in a first layer of the PCB 903 with copper traces to con-
nect to other components (e.g., the first switch 406a and
the second switch 406b) of the converter system 400, as
shown in FIG. 4. The first secondary coil 439 and the
second secondary coil 445 may be in or on one or more
second layers of the PCB 903, different from the first
layer. Similar to that of the primary coil 433, the first sec-
ondary coil 439 and the second secondary coil 445 may
be embedded in one or more second layers of the PCB
903 with copper traces to connect to other components
(e.g., the first diode set 460, the second diode set 470,
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the first load 466, and the second load 476, efc.) of the
converter system 400, as shown in FIG. 4, according to
one or more examples.

[0089] The ferrite shielding core 442 may be in or on
one or more third layers of the PCB 903. For example,
the ferrite shielding core 442 may be embedded in one
or more third layers of the PCB 903, different from that
of the primary coil 433, the first secondary coil 439, and
the second secondary coil 445. The ferrite shielding core
442 may include ferrite material, which may have high
magnetic permeability with low electrical conductivity, al-
lowing the ferrite shielding core 442 to prevent eddy cur-
rents induced by the primary coil 433, the first secondary
coil 439, and the second secondary coil 445. The ferrite
shielding core 442 may provide a shield for electromag-
netic interference for the planar transformer 900. The fer-
rite shielding core 442 may be in one or more third layers
of the PCB 903 without copper traces and may encap-
sulate the primary coil 433, the first secondary coil 439,
and the second secondary coil 445, as shown in FIG. 9.
[0090] The first primary coil 433 may have an outer
perimeter that may be rectangular-like in shape. Each of
the first secondary coil 439 and the second secondary
coil 445 may have an outer perimeter that may be square-
like in shape. The outer perimeter of the primary coil 433
may be larger than a total outer perimeter that may in-
clude the outer perimeter of the first secondary coil 439
and the outer perimeter of the second secondary coil 445.
[0091] Thefirstsecondarycoil 439 and the second sec-
ondary coil 445 may be on one side of the primary coil
433. For example, the first secondary coil 439 and the
second secondary coil 445 may be stacked on a same
side of the first primary coil 433. The first secondary coil
439 and the second secondary coil 445 may be stacked
on the same side of the first primary coil 433 in a side-
by-side configuration.

[0092] FIG. 10 depicts an exemplary planar transform-
er 1000 that may be implemented in the converter system
400, the converter system 500, and the converter system
600 in accordance with one or more embodiments de-
scribed herein. The planar transformer 1000 may include
many of the same components as the planar transformer
430, the planar transformer 530, and the planar trans-
former 630 and may be interchangeable with the planar
transformer 430, the planar transformer 530, and the pla-
nar transformer 630 for use in the converter system 400,
the converter system 500, and the converter system 600,
according to one or more examples. The planar trans-
former 1000 may include a primary coil 533, a first sec-
ondary coil 539, a second secondary coil 545, and an
electromagnetic shielding coil 1006, which all may be
implemented in one or more layers of a printed circuit
board (PCB) 1003.

[0093] The primary coil 533 may be in or on afirst layer
of the PCB 1003. The primary coil 533 may be embedded
in a first layer of the PCB 1003 with copper traces to
connect to other components (e.g., the first switch 506a
and the second switch 506b) of the converter system



21 EP 4 462 456 A1 22

500, as shown in FIG. 5. The first secondary coil 539 and
the second secondary coil 545 may be in or on one or
more second layers of the PCB 1003, different from the
first layer. Similar to that of the primary coil 533, the first
secondary coil 539 and the second secondary coil 545
may be embedded in one or more second layers of the
PCB 1003 with copper traces to connect to other com-
ponents (e.g., the first diode set 560, the second diode
set 570, the first load 566, and the second load 576, etc.)
of the converter system 500, as shown in FIG. 5, accord-
ing to one or more examples.

[0094] The electromagnetic shielding coil 1006 may be
in or on the first layer of the PCB 1003 with the primary
coil 533. However, the electromagnetic shielding coil
1006 is not restricted to just the first layer and may be in
or on the one or more second layers of the PCB 1003.
For example, the electromagnetic shielding coil 1006
may be embedded in one or more second layers of the
PCB 1003, different from that of the primary coil 533, the
first secondary coil 539, and the second secondary coil
545, depending on the application for use of the planar
transformer 1000. The electromagnetic shielding coil
1006 may include flat windings and may provide a shield
for electromagnetic interference for the planar transform-
er 1000.

[0095] The electromagnetic shielding coil 1006 may
have an outer perimeter larger than an outer perimeter
of the primary coil 533, as shown in FIG. 10. The outer
perimeter of the electromagnetic shielding coil 1006 may
be larger than a total outer perimeter of an outer perimeter
of the first secondary coil 539 and an outer perimeter of
the second secondary coil 545. The outer perimeter of
the electromagnetic shielding coil 1006 may surround
the outer perimeter of the primary coil 533.

[0096] The first primary coil 533 may have an outer
perimeter that may be rectangular-like in shape. Each of
the outer perimeter of the first secondary coil 539 and
the outer perimeter of the second secondary coil 545 may
be square-like in shape. The outer perimeter of the pri-
mary coil 533 may be larger than the total outer perimeter
that may include the outer perimeter of the first secondary
coil 539 and the outer perimeter of the second secondary
coil 545.

[0097] Thefirstsecondary coil 539 andthe second sec-
ondary coil 545 may be on one side of the primary coil
533. For example, the first secondary coil 539 and the
second secondary coil 545 may be stacked on a same
side of the first primary coil 533. The first secondary coil
539 and the second secondary coil 545 may be stacked
on the same side of the first primary coil 533 in a side-
by-side configuration.

[0098] FIG. 11 depicts an exemplary planar transform-
er 1100 that may be implemented in the converter system
400, the converter system 500, and the converter system
600 in accordance with one or more embodiments de-
scribed herein. The planar transformer 1100 may include
many of the same components as the planar transformer
430, the planar transformer 530, and the planar trans-
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former 630 and may be interchangeable with the planar
transformer 430, the planar transformer 530, and the pla-
nar transformer 630 for use in the converter system 400,
the converter system 500, and the converter system 600,
according to one or more examples. The planar trans-
former 1100 may include afirst primary coil 633, a second
primary coil 650, a first secondary coil 639, a second
secondary coil 645, and a ferrite shielding core 635,
which all may be implemented in one or more layers of
a printed circuit board (PCB) 1103.

[0099] The first primary coil 633 and the second pri-
mary coil 650 may be in or on a first layer of the PCB
1103. The first primary coil 633 and the second primary
coil 650 may be embedded in a first layer of the PCB
1103 with copper traces to connect to other components
(e.g., the first switch 606a and the second switch 606b)
of the converter system 600, as shown in FIG. 6. The
first secondary coil 639 and the second secondary coil
645 may be in or on one or more second layers of the
PCB 1103, different from the first layer. Similar to that of
the first primary coil 633 and the second primary coil 650,
the first secondary coil 639 and the second secondary
coil 645 may be embedded in one or more second layers
of the PCB 1103 with copper traces to connect to other
components (e.g., the first diode set 660, the second di-
ode set 670, the first load 666, and the second load 676,
etc.) of the converter system 600, as shown in FIG. 6,
according to one or more examples.

[0100] The ferrite shielding core 635 may be in or on
one or more third layers of the PCB 1103. For example,
the ferrite shielding core 635 may be embedded in one
or more third layers of the PCB 1103, different from that
of the first primary coil 633, the second primary coil 650,
the first secondary coil 639, and the second secondary
coil 645. The ferrite shielding core 635 may include ferrite
material, which may have high magnetic permeability
with low electrical conductivity, allowing the ferrite shield-
ing core 635 to prevent eddy currents induced by the first
primary coil 633, the second primary coil 650, the first
secondary coil 639, and the second secondary coil 645.
The ferrite shielding core 635 may provide a shield for
electromagnetic interference for the planar transformer
1100. The ferrite shielding core 635 may be in one or
more third layers of the PCB 1103 without copper traces
and may encapsulate the first primary coil 633, the sec-
ond primary coil 650, the first secondary coil 639, and
the second secondary coil 645, as shown in FIG. 11.
[0101] The first primary coil 633 and the second pri-
mary coil 650 may have an outer perimeter that may be
square-like in shape. The outer perimeter of the first pri-
mary coil 633 and the outer perimeter of the second pri-
mary coil 650 may be equal. The first secondary coil 639
and the second secondary coil 645 may have an outer
perimeter that may be square-like in shape. The outer
perimeter of first secondary coil 639 and the outer perim-
eter of the second secondary coil 645 may be equal. The
outer perimeters of the first primary coil 633, the second
primary coil 650, the first secondary coil 639, and the
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second secondary coil 645 may be equal.

[0102] The first secondary coil 639 may be on one side
of the first primary coil 633, and the second secondary
coil 645 may be on one side of the second primary coil
650. For example, the first secondary coil 639 may be
stacked on one side of the first primary coil 633, and the
second secondary coil 645 may be stacked on one side
of the second primary coil 650. The first primary coil 633
and the second primary coil 650 may be in a side-by-side
configuration in the PCB 1103. The first secondary coil
639 and the second secondary coil 645 may be in a side-
by-side configuration in the PCB 1103.

[0103] FIG. 12 depicts an exemplary planar transform-
er 1200 that may be implemented in the converter system
400, the converter system 500, and the converter system
600 in accordance with one or more embodiments de-
scribed herein. The planar transformer 1200 may include
many of the same components as the planar transformer
430, the planar transformer 530, and the planar trans-
former 630 and may be interchangeable with the planar
transformer 430, the planar transformer 530, and the pla-
nar transformer 630 for use in the converter system 400,
the converter system 500, and the converter system 600,
according to one or more examples. The planar trans-
former 1200 may include a first primary coil 633, a second
primary coil 650, a first secondary coil 639, a second
secondary coil 645, and an electromagnetic shielding coil
1206, which all may be implemented in one or more lay-
ers of a printed circuit board (PCB) 1203.

[0104] The first primary coil 633 and the second pri-
mary coil 650 may be in or on a first layer of the PCB
1103. The first primary coil 633 and the second primary
coil 650 may be embedded in a first layer of the PCB
1203 with copper traces to connect to other components
(e.g., the first switch 606a and the second switch 606b)
of the converter system 600, as shown in FIG. 6. The
first secondary coil 639 and the second secondary coil
645 may be in or on one or more second layers of the
PCB 1203, different from the first layer. Similar to that of
the first primary coil 633 and the second primary coil 650,
the first secondary coil 639 and the second secondary
coil 645 may be embedded in one or more second layers
of the PCB 1103 with copper traces to connect to other
components (e.g., the first diode set 660, the second di-
ode set 670, the first load 666, and the second load 676,
efc.) of the converter system 600, as shown in FIG. 6,
according to one or more examples.

[0105] The electromagnetic shielding coil 1206 may be
in oronthefirstlayer ofthe PCB 1203 with the first primary
coil 633 and the second primary coil 650. However, the
electromagnetic shielding coil 1206 is not restricted to
just the first layer and may be in or on the one or more
second layers of the PCB 1203. For example, the elec-
tromagnetic shielding coil 1206 may be embedded in one
or more second layers of the PCB 1203, different from
that of the first primary coil 633, the second primary coil
650, the first secondary coil 639, and the second sec-
ondary coil 645, depending on the application for use of
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the planar transformer 1200. The electromagnetic shield-
ing coil 1206 may include flat windings and may provide
a shield for electromagnetic interference for the planar
transformer 1200.

[0106] The electromagnetic shielding coil 1206 may
have an outer perimeter larger than each of an outer pe-
rimeter of the first primary coil 633, an outer perimeter of
the second primary coil 650, an outer perimeter of the
first secondary coil 639, and an outer perimeter of the
second secondary coil 645, as shown in FIG. 12. The
outer perimeter of the electromagnetic shielding coil 1206
may surround the outer perimeters of the first primary
coil 633 and the second primary coil 650.

[0107] The first primary coil 633 and the second pri-
mary coil 650 may have an outer perimeter that may be
square-like in shape. The outer perimeter of the first pri-
mary coil 633 and the outer perimeter of the second pri-
mary coil 650 may be equal. The first secondary coil 639
and the second secondary coil 645 may have an outer
perimeter that may be square-like in shape. The outer
perimeter of first secondary coil 639 and the outer perim-
eter of the second secondary coil 645 may be equal. The
outer perimeters of the first primary coil 633, the second
primary coil 650, the first secondary coil 639, and the
second secondary coil 645 may be equal.

[0108] The first secondary coil 639 may be on one side
of the first primary coil 633, and the second secondary
coil 645 may be on one side of the second primary coil
650. For example, the first secondary coil 639 may be
stacked on one side of the first primary coil 633, and the
second secondary coil 645 may be stacked on one side
of the second primary coil 650. The first primary coil 633
and the second primary coil 650 may be in a side-by-side
configuration in the PCB 1203. The first secondary coil
639 and the second secondary coil 645 may be in a side-
by-side configuration in the PCB 1203.

[0109] FIG. 13 depicts a power converter assembly
1300 that may be implemented in the converter system
400, the converter system 500, and the converter system
600 in accordance with one or more embodiments de-
scribed herein. The power converter assembly 1300 may
include a power supply PCB board 1330, a power board
1309, a first switch 1315, a second switch 1318, a first
power module 1303, a second power module 1306, and
a cold plate 1312.

[0110] Components of the power converter assembly
1300 may be used in the converter system 400, the con-
verter system 500, and the converter system 600 and
may be interchangeable in some cases. The power sup-
ply PCB board 1330 may include many of the same com-
ponents as the planar transformer 430, the planar trans-
former 530, and the planar transformer 630 and may be
interchangeable with the planar transformer 430, the pla-
nar transformer 530, and the planar transformer630. The
power supply PCB board 1330 may include many of the
same components as the planar transformers 700 and
800 be interchangeable with the planar transformers 700
and 800. The first switch 1315 may include many of the
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same components as the first switch 406a and the first
switch 506a. The second switch 1318 may include many
of the same components as the second switch 406b and
the second switch 506b. The first power module 1303
may include many of the same components as the first
load 466 and the firstload 566. The second power module
1306 may include many of the same components as the
second load 476 and the second load 576.

[0111] The power supply PCB board 1330 may be pro-
vided on a first side of the power board 1309. The first
power module 1303 and the second power module 1306
may be provided on a second side of the power board
1309, with the first side being opposite to the first side.
The first power module 1303 and the second power mod-
ule 1306 may be coupled to the cold plate 1312, which
may provide cooling for the power modules 1303 and
1306 during operation.

[0112] FIG. 14 depicts a power converter assembly
1400 that may be implemented in the converter system
400, the converter system 500, and the converter system
600 in accordance with one or more embodiments de-
scribed herein. The power converter assembly 1400 may
include a power supply PCB board 1430, a power board
1309, a first switch 1315, a second switch 1318, a first
power module 1303, a second power module 1306, and
a cold plate 1312.

[0113] Components of the power converter assembly
1400 may be used in the converter system 400, the con-
verter system 500, and the converter system 600 and
may be interchangeable in some cases. The power sup-
ply PCB board 1430 may include many of the same com-
ponents as the planar transformer 430, the planar trans-
former 530, and the planar transformer 630 and may be
interchangeable with the planar transformer 430, the pla-
nartransformer 530, and the planar transformer 630. The
power supply PCB board 1430 may include many of the
same components as the planar transformers 900 and
1000 and may be interchangeable with the planar trans-
formers 900 and 1000. The first switch 1315 may include
many of the same components as the first switch 406a
and the first switch 506a. The second switch 1318 may
include many of the same components as the second
switch 406b and the second switch 506b. The first power
module 1303 may include many of the same components
as the first load 466 and the first load 566. The second
power module 1306 may include many of the same com-
ponents as the second load 476 and the second load 576.
[0114] The power supply PCB board 1430 may be pro-
vided on a first side of the power board 1309. The first
power module 1303 and the second power module 1306
may be provided on a second side of the power board
1309, with the first side being opposite to the first side.
The first power module 1303 and the second power mod-
ule 1306 may be coupled to the cold plate 1312, which
may provide cooling for the power modules 1303 and
1306 during operation.

[0115] One or more embodiments described herein
may include printed circuit board (PCB) winding coils,
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which are flat and thin. According to one or more embod-
iments, one transformer driver may be used to generate
multiple output voltages. According to one or more em-
bodiments, a ferrite core may be omitted to further save
material costs and assembly costs.

[0116] According to one or more embodiments, a sin-
gle transformer driver may be used to generate multiple
outputs, and a single primary winding may be used to
transfer power to multiple secondary windings, further
helping to save space on PCB boards. Depending on the
coil arrangement and the coupling between them, several
circuit topologies may be used for power conversion.
[0117] According to one or more embodiments, a pow-
er converter system may include a planar transformer
with a ferrite core with a single resonant capacitor on the
primary coil, which may include many LLC converters.
According to one or more embodiments, a power con-
verter system may include a planar transformer which
may omit a ferrite core, and resonant capacitors may be
needed on secondary coils. According to one or more
embodiments, a power converter system may include a
planar transformer that may include multiple primary coils
and multiple secondary coils. According to one or more
embodiments a planar transformer may include a sand-
wiched coil arrangement with a ferrite shielding core. Ac-
cording to one or more embodiments, a planar transform-
er may include a sandwiched coil arrangement without
a ferrite shielding core. In the sandwiched coil arrange-
ment, a primary coil may be sandwiched between two
secondary coils. In the sandwiched coil arrangement with
a ferrite shielding core, ferrite may be used to increase
the magnetic coupling and efficiency. In the sandwiched
coil arrangement without a ferrite shielding core, an elec-
tromagnetic shielding coil may be used to limit the fringing
field.

[0118] According to one or more embodiments, a pla-
nar transformer may include a coil arrangement with one
primary coil and two or more secondary coils with a ferrite
shielding core. According to one or more embodiments,
aplanar transformer may include a coil arrangement with
one primary coil and two or more secondary coils without
a ferrite shielding core. In the arrangement with one pri-
mary coil, a single primary coil may be used to transfer
power to two or more secondary coils. In the arrangement
with a ferrite shielding coil, the ferrite shielding coil may
be used toincrease the magnetic coupling and efficiency.
In the arrangement with the electromagnetic shielding
coil, the electromagnetic shielding coil may be used to
limit the fringing field.

[0119] According to one or more embodiments, a pla-
nar transformer may include a coil arrangement with two
or more primary coils and two or more secondary coils.
In this coil arrangement, a ferrite shielding core may be
used to increase the magnetic coupling and efficiency.
In this coil arrangement, an electromagnetic shielding
coil may be used to limit the fringing field and a ferrite
shielding core may be omitted.

[0120] According to one or more embodiments, an as-
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sembly may include a dual-output isolated power supply
which may be provided on one side of a main power
board. In this case, the number of layers on the main
PCB power board may be reduced, which may reduce
costs.

[0121] Using lower-cost and lower profile PCB wind-
ings instead of using higher-cost and higher profile con-
ventional ferrite transformers may reduce cost and space
of power supplies in automotive applications. By fabri-
cating power supplies on a separate PCB board, the
number of PCB layers of the main power board may be
reduced, further saving associated costs.

[0122] Otherembodiments of the disclosure will be ap-
parent to those skilled in the art from consideration of the
specification and practice of the invention disclosed here-
in. It is intended that the specification and examples be
considered as exemplary only, with a true scope and spirit
of the invention being indicated by the following claims.

Claims
1. A planar transformer, comprising:

a first primary coil in a first layer of a printed
circuit board (PCB);

a first secondary coil in one or more second lay-
ers in the PCB; and

a second secondary coil in the one or more sec-
ond layers.

2. The planar transformer of claim 1, further compris-
ing:
one or more ferrite materials, the one or more ferrite
materials providing a shield for electromagnetic in-
terference for the planar transformer.

3. The planar transformer of claim 1 or 2, further com-
prising:

an electromagnetic shielding coil in or on the
first layer or in or on the one or

more second layers,

and wherein preferably:

the electromagnetic shielding coil sur-
rounds the first primary coil in the first layer;
and

an outer perimeter of the electromagnetic
shielding coil is larger than an outer perim-
eter of the first secondary coil with an outer
perimeter of the second secondary coil.

4. The planar transformer of any one of claims 1 to 3,
wherein the first primary coil, the first secondary coil,

and the second secondary coil include flat windings.

5. The planar transformer of any one of claims 1 to 4,
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wherein

an outer perimeter of the first primary coil is larg-
er than an outer perimeter of the first secondary
coil and an outer perimeter of the second sec-
ondary coil, or wherein

an outer perimeter of the first primary coil is
equalto an outer perimeter of the first secondary
coil, and the outer perimeter of the first second-
ary coil is equal to an outer perimeter of the sec-
ond secondary coil.

6. The planar transformer of any one of claims 1 to 5,
further comprising a second primary coil in the first
layer.

7. The planar transformer of claim 1, wherein

the first secondary coil is on a first side of the
first primary coil and the second secondary coil
is on a second side of the first primary coil, the
second side being opposite to the first side,
wherein the first primary coll, the first secondary
coil, and the second secondary coil are arranged
in a sandwiched coil arrangement,

or

wherein the first secondary coil and the second
secondary coil are on a same side of the first
primary coil.

8. A system, comprising:

a gate driver connectable to a DC voltage
source;

two or more power modules; and

a planar transformer, comprising:

a first primary coil connected to the gate
driver; and

two or more secondary coils connected to
the first primary coil and the two or more
power modules.

9. The system of claim 8, wherein the first primary coil
is in a first layer of a printed circuit board (PCB), and

the two or more secondary coils include:

a first secondary coil in one or more second
layers in the PCB; and

a second secondary coil in the one or more
second layers.

and wherein the system further preferably com-
prises:

an electromagnetic shielding coil in or on the
firstlayer, the electromagnetic shielding coil sur-
rounding the first primary coil in the first layer,
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wherein an outer perimeter of the electromag-
netic shielding coil is larger than an outer perim-

30

a second primary coil in the first layer,
wherein the two or more secondary coilsinclude:

eter of the first secondary coil with an outer pe-
rimeter of the second secondary coil. afirst secondary coil in the one or more sec-
5 ond layers in the PCB; and

a second secondary coil in the one or more

second layers,

10. An inverter comprising the system of claim 8 or 9.

11. A vehicle comprising the inverter of claim 10.

wherein the first secondary coil is on one side
of the first primary coil, and

wherein the second secondary coil is on one
side of the second primary coil.

and preferably further comprising an electro-
magnetic shielding coil in or on the first layer,
the electromagnetic shielding coil surrounding
the first primary coil and the second primary coil
in the first layer.

12. A system, comprising: 10

two or more power modules provided on a first
side of a power board;

a cold plate coupled to the two or more power
modules; and 15
a planar transformer provided on a second side

of the power board, the second side being op-
posite to the first side, the planar transformer

comprising:

20
afirst primary coil in a first layer of a printed
circuit board (PCB); and
two or more secondary coils in one or more
second layers in the PCB.

25

13. The system of claim 12,
wherein the two or more secondary coils include:

afirst secondary coil in the one or more sec- 30
ond layers in the PCB; and

a second secondary coil in the one or more
second layers,

wherein the first secondary coil is on a first side 35
of the first primary coil and the second second-

ary coil is on a second side of the first primary
coil, the second side being opposite to the first
side, and

wherein the first primary coil, the first secondary 40
coil, and the second secondary coil are arranged

in a sandwiched coil arrangement.

14. The system of any one of claims 12 to 13,
45

wherein the two or more secondary coils include:

afirst secondary coil in the one or more sec-

ond layers in the PCB; and

a second secondary coil in the one or more 50
second layers, and

wherein the first secondary coil and the second
secondary coil are on a same side of the first

primary coil. 55

15. The system of any one of claims 12 to 14, further
comprising:

16
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